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PHYSIOLOGIC REACTIONS DURING FIVE WEEKS OP CONTINUOUS RESIDENCE 
IN AN ARTIFICIAL HUMID AND HOT CTJMATE 
ULri-ch,,Laaser 

Institute of Tropical Medicine of the University of Ttlbingen 
(Director; Prof. Dr. H. J. Kntittgen) 

Subnitted January 23 , 1968 (Dissertaticm, Tubingen 1967) 

Introduction and Statetnent of the Problaa /279* 

Investigations of heat acclimatization have been carried out in a natural cli- 
nate (Adolph, 1947; Adolph and Dill, 1938; Dill et al., 1938; Henschel, 1963; HOf- 
ler, 1966; Jungmann, 1962; Lee, 1963; Macpherson, 1960) and in an artificial climate 
(Eichna et al., 1945; Eichna et al. , 1950; GlSser, 1950; Henschel et al. , 1943; Hor- 
vath, 1946; Ladell, 1951; Robinson et al., 11941; Robinson et al. , 1943; Robinson, 

1965; Schmoll, 1966; Strydom et al. , 1966; Taylor etaal., 1943; Wenzel, 1961; Wynd- 
ham, 1954; wyndham et al., 1960) . The results obtained under artificial conditions 
could not always be corroborated under natural tropical climatic <xinditions (Bdholm 
et al. , 1963) . Moreover the test conditions are also different; chiefly a fciirly 
high heat load for a few hours in a climaticorocfa^r as opposed to, on the average, 
a longer but more persistent load in the natural climate. Until now apparently only 
Eichna et al. (1945) have carried on U3ireitdi:t^glrmulti-week residence in a climatic 
roraribunder artificial conditions but reported the results only for the first 12 days. 
Recently Schmoll (1966) carried out such an e^^jeriment in our laboratory. One of 
the conclusions reach^ was, that a 3 week observation period is inadequate. 

Our own esqp^inent as reported here occupied five weeks and dealt with the fol- 
lowing questions; 

1. To what degree and at what point in time is acclimatization achieved in case 
of protracted residence in a hot humid climate? 

2. What physiologic magnitudes permit us at the earliest to assert the condi- 
tion of acclimatization? 

3. Is it possible to establish, particularly in reference to sweat secretion, 
changes that go beyond the familiar siitple increase? 


* Numbers in the margin indicate pagination in the foreign t®ct. 
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Method' 

!Kie male test subject (age 25 , height 189 can, weight 80 kg) resided for 35 days, 
from November 2 to December 6, 1966, in a climatic room (put out by Meisser and /280 
WUrst, Stuttgart) measuring 360 cm in length, 230 cm in width and 200 cm in height. 

The work was done on a bicycle ergcmeter at 60 rpn and 8 iiikp/s. On 10 days 
previous to the ocmmencennent of the actual ejjperiraent the identical program of \rork 
for four times 40 minutes was executed at nonnal rocm tenperature. The developnent 
of pulse rate during this cold training period is recorded in Figure 6. 

During thes principal experiment the DB benperature between 8 a.m. and p.m. 
ranged from 36.0 to 37.0®C for an average value of 36.5® and the WB tsiperature lay 
between 30.0 and 32.5®C for an average value of 31.3®C. Mean relative humidity was 
69% with fluctuations between 66 and 73%. Effective tenperature was 32.3®C. Frcm 
6 p.m. to 7:30 a.m. the climate was set at 31.5®C DB with relative humidity unal- 
tered. On day 34 of the experiment , by raising the DB tenperature to a mean of 
32.9®C, the relative humidity was increased to rp to 77% , so that it woiild be pos- 
sible to observe the reaction of the acclinnatized organism to this intensification 
of evaporation ccmditions. 

The follcwing measurements were taken: 

pulse rate in rest and in work every five minutes with the photoelectric pulsi- 
meter of E. A. Miller, 

blood pressure during the rest period following the second bout of work (auscul- 
tatorily with the apparatus put out by ELAG, Cologne) , 

oral and skin tenperature at forehead, chest, dorsal side of the hand and the 
thigh every 5 minutes with therroocoiples (ELLAB, Copenhagen) , 

sweat rate for each hour (40 min work and 15 minutes rest) from weight loss, 
sweat rate for hours 1 and 4 at the forearm and crus by collection of sweat in 
plastic bags and 

local distribution of sweat production after the fourth bout of work using the 
method of Weiner (1945) : plexiglass rings 19.2 cm deep and measuring 55 irm or 40 nm 
across (inside measurement) were attached with adhesive tape to the follot'dng body 
sit^: tonsured occiput, forehead, left cheek, directly over the nipples as well as 
over the spina iliaca anterior superior, on the shoulder blades and also the dorsal 
lurtibar region, on the left xpper arm and forearm each time on the inner and outer 
side, on the left thigh and leg each time on the inner and outer side. 

After drying of the pertinent i^dn area the capsules were closed with a cotton 
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plug for 6 minutes in designated sequence with parafilm. Following removal of the 
film the sweat that had accumulated in the interval was collected with a cotton swab 
previously weighed to within 1 mg and its weight increment was then measured in a 
second weighing. Before the capsules were closed the- skin temperatures in the cap- 
sules were determined with a thentoelectric sensor. 

I'flhile the ergometegrwark was going on two thirds of the previous hour’s water 
loss was replaced by the drinking of weak tea at body temperature. In addition two 
sour pickels were eaten during each rest period. 

The day's xjrine output was measured daily b^ore the euperiment began and ana- 
lyzed by flame photo^try for sodium and potassium content. These electrolytes were 
likewise determined in the sweat collected during hotars 1 and 4 ffomi the forearm and 
leg. 

Daily schedule: 

I 

7.30 Climate set to ca. 36.5®C DB and 31.3®C WB 

8.00 Measurement of 24 hour urine; breakfast 

10.00 ISperiment begun with 15 minute rest period in chair 

10.15 Weighing 

10.20 Work begun 

11.00 Work ended, chair rest 

11.15 Weighing 

11.20 Work begun 

12.00 Work ended, chair rest 

12.15 Weighing 

12.20 Work begun 

13.00 Work aided, chair rest 

13.15 Weighing 

13.20 Work begun 

14.00 Work ended 

14.10 Measurement of local distribution of sweat secretion 
14.30 Weighing followed by warm shower; "midday" rest period 

17.00 Standing test 

18.00 Climate “set to ca. 31.5®C DB, relative humidity unchanged 
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Results 


I» Changes in Sweat Secretion 


1» Calculation from weight loss 

Sweat production (mLAg/hr) calculated f mn vTeight differences and keeping in 
mind the amount of fluid intake for the individiial work periods was averaged over 
the 5 days (Figure 1) . 

The functions of all four hours show 
during the first days an increment phase of 
varying slope and duration, vdiich then re- 
duces itself — with the ejception of hour 
4 — to a specific plateau. It is true 
that hour 1 has at first the highest values 
by far; however after only 14 days hour 1, 
after its flatter and only shortlived rise, 
shows a sweat rate less than that of hour 2 
and only slightly higher than that of hour 
3. The function of hour 2 mounts much more 
rapidly and, together with that of hour 3, 
reaches its level caily around day 20. 

Tite values for hour 4, except for the 
first three days and day 35, are far below 
those of the previous three hours. For hour 
4 the steacfy climb is particularly steep for 
the last 6 days and it remains to be seen, 
Aether the values thus finally arrived at 
would persist,if the e;^)eritnent went on,or 
whether they would drop to those of wedc 4. 

The phasic f luctuationsy, inasmuch as 
they are expressed itore clearly, follow the fluctuations of the rocm climate. 

Sweat rates for day 1 are approximately doubled during the first 5 weeks of the 
eperiment and in the case of hours 2-4 itore than doubled. They all wind up around /282 
10 mlAg/hr* In accordance with the literature it may be asserted, that in the 
course of acclimatization the sweat secretion goes by 100-200% (Kuno, 1956; Lad- 
dell, 1957; Schmoll, 1966). The relationship of the individual hours meansdiile chan- 



Fig, 1. Tatporal course of sweat pro- 
duction for hours 1-4, ccottprehensive- 
ly averaged above and below flattened 
and projected in overlay. 

Key: a. hoiir sweat rate in mL/kg/h 
b. days 
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ges in the direction of mtual acooranodation. Mter about 2 we^s the sweat pro- 
duction of hour 2 becomes greater than that of hour 1 (on days 20 and 30 the maximum 
is even found in hour 3) . Stirydcm (1966) , und^ somesdiat higher climatic stress, a- 
chieved an analogous displacement of the maximum to the second hour after only 10 
days. 


2. The "integral sweat rate" 

The coltmns of Figure 2 give the sum of sweat losses for all four work periods. 

Their function averaged to cov- 
er five values rises from 1450 
ml/4 hrs on day 1 to a level 
of 3125 ral/4 hrs on day 18, an 
average rise daily of about 
100 ml/4 hrs or about 115% in 
2.5 weeks. As the time goes 
on, days 25, 26, 32,3, 35 far 
exceed the average level in 
correspondence with fluctuat- 
ing climatic oonditicais; days 



Fig. 2. Temporal course of total sweat production 
for hours 1-4 from weight losses and capsule val- 
ues as bases of calculations. On the right corre- 
lation of sweat rates obtained. 


54/ 

/283 


28 and 31 are far below the average level. 

The "integral sweat rate" plotted as a curve over the columns was calculated 

from the capsule values keeping in mind the surface sites involved; the latter were 

2 2 

designated on the basis of Dubois' data (1915) (head 1251 cm , trunk 6710 cm , arm 

2 

and leg 3696 and 8282 cm respectively). 

In the direction of its fluctuations the integral four hour sweat rate moves 
to some degree along with the deviations of the sweat rate determined from weight 
loss, yet on nearly half of all oasparable days it lies clearly above their level 
and only on 5 days is it below their level. The correlation, likewise presented in 
Figure 2, shows a good agreement for values to about 3000 ml but above that the 
integral sweat rate rises disproportionately. 

A clarificatiohuis offered by the recaifcrresults of Bakri and Ben Jelloun (1968) 
according to which the svreat production during work reckoned from weight loss is 
less than during the rest period iitmediately following, since imder more intensified 
evaporation conditions the excessive formation of unevaporated sweat might be greater 
during the rest period than during the work bout. However in our esq^eriment the data 
for calculating the integral sweat rate were gathered exclusively on the resting sub- 
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ject at the time vtoi weight loss was detecinined for 40 min work and 15 min rest. 

The approximate doubling of the sweat rates leads one to pose the question of 
their effectivaiess in the framework of a thermal balance: 

A rough estimation of the thermal balance shows, that the quantity of sweat fi- 
nally produced is about twice that of the evaporated sweat. ®iis finding, which a- 
grees well with model escperiments of Kerslake (1963) and observations by Eichna et 
al. (1945) and Hunphreys et al. (1966) , Is develc^)ed . in greater detail in a ^3e- /284 
cific work (Ladipoh, 1968) . 

3. Local distribution of sweat secretion 

If one cosDtibines the capsule values for the individual body regions and does a 
perceitage calculation using the surface sites of Dubois (1915) , the result is the 
curves found in Figure 3, vdiich are an averaging of 5 values. 

Very obviously the trunk plays the prin- 
cipal role in the increase of secretion dur- 
ing the first days; its sweat glands react 
most quickly to the climatic loading and its 
participation increases to over 60%. In con- 
trast the other regions even show a relative 
drop and thus have little or no share in the 
absolute secretion increase of the first iwo 
weeks. After transient minima of 13% for the 
arm and 18% for the leg, the extremities par- 
ticipate — starting with the beginning of 
the second week — at a higher than initial 
level and the trunk meansdiile drops below it. 

At the end of we^ 3 the mutual relation- 
ships have been stabilized and vary little to 
the end of the experiment. The situation on 
day 35 is this: trunk, leg, arm, head in the 

ratio 44.5, 29.0, 22.0, 4.5; the iratio- on 
day 18 is 46.5, 27.0, 22.0, 3.5 and on day 1 
it is 49.0, 22.0, 19.0, 10.0. 
e. days About the same teirporal course is take n/285 

l:y the quantities of sweat collected in plastic bags frcra the forearm and leg. They 
rise absolutely to approximately 4 or 6 times the initial value. Their relative parti- 



Pig. 3. Temporal course of partici- 
pation of head, trunk and extremi- 
ties in total sweat production; tem- 
poral course of total sweat output 
in absolute values plotted above 
Key: a. total sweat production 

b. trunk 

c. leg 

d. head 


6 




cipation increases about 6 times for the arm and about 4 times for the leg. 

In sunrnary it may be said, that tinder continuous heat loading there is an in- 
crease in sweat production displaconent from trunk to extranities. The fourth wedc 
sees these relationships stabilized. Agreeing well with this finding are the pub- 
lished data of Hdfler, Schmoll and Voigt (1967) on the decreased participation of 
trunk, and. head — from 72.5% on day 1 down to 61.7% on day 21 — and a corresponding 
increase for the participation of the extremities — from 27.5 to 38.3%. 

In principle this signifies the involvement of the bodily parts under especial- 
ly favorable evaporation conditions (Aschoff, 1956, 1958a, 1958b; Kerslake, 1963X. 
Thus a lesser amount of sweat might have the same cooling effect as a larger amount 
when there is lesser participation of the extronities. 

This mechanism might also ej^lain observations of situations vdiere, during a 
longterm observation of heat acclimatization, sweat production that had originally 
increased took a downward turn (Macpherson, 1960) . 

II. Change in Body Temperatures 

1. Rectal teng)eratures* 

The rest rectal tenperature falls slowly and in phases similar to those of the 
integral skin temperature derived £rcm the capsule raeasureaients (Pig. 5a) , i.e. from 
days 1 to 7 in a steeper phase from 37.0 to 36.3®C. It renains at this level till 
about day 16 and thereafter falls again till it finally reaches 35.7®C on day 24. 
Then it rises again until day 35 up to 36.0*C, so that frcm day 20 on one may reckon 
on an approximate average of 36.0®C. 

On the other hand the work rectal temperatures drop much more quickly to an end 
level, vMch lies between 37.0 and 37.5®C for work bouts 2-4 (each time rising ca. 
0.1®C from hours 2 to 4) and is reached jointly on day 11. Hour 1 follows rather 
the behavior pattern of the rest rectal temperature. Figure 4 presaits an overview 
of all measurement sites for body temperatures during the 4 bouts of work. In refe- 
rence to the initial drcp in rectal temperature it follows from Figure 4: 

a) The intervals separating maximal and minimal values for rectal temperature 
decrease. For the first 8 days they are 0.9-1.7®C, for the last 5 days they are 
0.2-0.8®C. 


* Translator's note: "Rectal tsperature" (KP) has been used consistently to r^der 
the German "core temperature" (Kemtemperatur) , fairly infrequent in the English 
language literature (cf. Robinson et al.). 
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b) The rise in tenperature does not /286 
always develop continuously fcom hours 1 
to 4. Particularly after we^ 2 there are 
many days on v^ch the values for hour 3 or 
evai houc 2 are highest; in the first two 
weeks tl^e is only one occasion each we^ 
vdien hour 4 is not highest, vdiereas there- 
after hours 3 or 2 taken together are high^ 
er than hoiar 4 ten times. 

2. Skin, tenperatures and their relation- 
ship to rectal temperature (Inner 
tettperature gradi^t IT) 

The skin temperature (Figure 4) behaves 
like the rectal tenperature. They skin tem- 
peratures too have dropped to their end lev- 
el by day 11; this is scmesdmat higher for 
the forehead and chest values than for the 
ectreraities (ca. 36.0 in contrast with 35.5). 
Correspondingly, the values of day 1 for 
the trunk are also a bit higher than for 
the esrtxemities. In broad terms one may /287 
assign to three phases, in respect to dimi- 
nution, the body tenperatures presented in 
Figure 4, which are not averaged across the 
board; each time there are sonevdiat con- 
stant plateaus during these periods: days 1-3, days 4-10 and days 11-35. 

The differences between rectal and skin tenperatures, therefore the inner tenp- 
erature gradient, show no decisive change over the entire experimental period. This 
is in contrast to the results of Schraoll (1966) with a flattening of the inner tenp- 
erature gradients and those of Eichna et al. (1950) and Hfifler (1966) as well as57 
Wyndham (1954) with increased slope. On the average the skin tenperatures are about 
1.5®C lower than the rectal, at about 36*C. 

In connection with hour 4 (Figure 5b) the value for the inner tenperature grad- 
ient is higher, i.e. around ca. 2*C but it does not remain here unchanged and drops 
until day 14 to 1.5®C, only to rise once more to 2.6 as ootipared with 2.25®C at the 
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Fig., 4. Tenporal course of the various 
body tenperatures during hours 1-4. 
Key: a. mouth " 
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Pig. 5a. Tot^ral course of integral 
skin testperature measured with refer- 
ence to work hour 4. Under the over- 
all-average curve an attempt is made 
to ccxtpare individual phases 


start of the experiment. The new surge 
results from the steady decline of the in- 
tegral skin temperature in reference to 
hour 4 (Figure 5a) with largely constant 
rectal temperatures. 

Figure 5a shows, that between days /288 
1 and 35 the integral skin t^perature 
falls ty 1.8®C and it does that in phases 
which agree well vhen compared with the be- 
havior of the rectal toiperature and with 
the behavior of the body tenperatures dur- 
ing the work bouts (Figure 4) : 

Rectal temperatxnre: days 1-6, 7-16, 

17-20, 21-35 

Work totperature: days 1-3, 4610, 

11-35. 


Pig. 5b. Temporal course of inner team- ^ ^ -.o 

stature gr^eivt (IT) between rectal Integral skin temperature: days 2-8, 

temperature and integrcd. skin tempera- 9-14, 15-24, 25-35 

ture in reference to work hoia: 4 « n ^ - l . 

SchtnoU (1966) found phases covering 

days 1-6, 7-15, 16-21 (end of experiment) for rectal and skin temperatures. 

Cftie may thus assume a stepwise decline in body temperatures and its phases are 
practi(oally identical with weeks 1, 2, 3 and 4-5 of the ej^)eriment. 

Finally it is clear fxxmn Figures 5a and 5b, that day 34 with its high load Bee 
cause of the rise in the integral skin temperature causes a considerable drcp in the 
inner temperature gradient by 1.3®C. 

In sumtiary it may be said, that all body temperatures decline — partly in cor- 
responding phases — in approximation with the individual hourly averages. During 
the work periods the inner teiperature gradient retains about the same but in respect 
to the fourth period it rises toward the end of the experiment. 


III. Bdavior of Blood Circulation 

The temporal behavior of work pulse rates is like that of rectal temperatures. 
The initial decline terminates also with day 11 at the latest; the earlier hours go 
down more slowly and reach their eid level earlier than the later hours. For all 
hours this level lies between 105 and 110/min. In no hour were the cold training 
values — before the exp>eriment began — atta in ed, but the differences are more min- 
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Fig. 6a. Best pulse rates after work 
hours 1-3 summarized periodically. Day 34 
is presented separately. Columns present 
mean values of cold training period 

Fig. 6b. Correlation of vrork pulse rates 
on basis of average of 4 work periods 
with corresponding rectal tenperatuires 
during the first 18 days 

Fig. 6c. Teitporal course of work pulse 
rates during hours 1-4 

K^: alpha - Belationship of work pulse 
rate (average of all four 
work periods) to RT 
beta - Work pulse rates for work 
periods 1-4 (beats/min) 
gairma - days 


ute (analler than 10/min) . 

The course of the rest pulse rate 
shows the stepwise decline already dis- 
cussed in the case of the rest rectal 
tenperature; days 1-7, 8-16, 17-35. 

The hourly averages of the work 
pulse rates are summarized in Figure 6c 
in a manner similar to the presentation 
of the body teitperatures (Figure 4) . In 
accord with the toiporal course of the 
temperatures there appears, after week 
1, rather regularly a minirauni in hour 3, 
less often in hours 2 or 4. No matter 
in \tot houur they are found, there is 
a tendency for the intervals between 
maxima and minima to diminish. The in- 
oreased pulse rates on day 34 testi:^ 
to the intensified climatic loading. 

The relationship between work pulse 
rate and rectal tentperature ejdiibits a 
closer correlation only for the first 18 
days (Figure 6b) . The correlation pre -/289 
sented roughly shows a ratio of 10 beats 
to 1® rise in tsiperature. During the 
last weeks about 31.5 cal/heart beat are 
transported (calculated from the mean 
work pulse rate of 107.5/min and surplus 
heat production of 204 kcal/hr) . Ih its 
order of magnitude this value agrees /290 
with Collins (1966) , Who assumes 30 cal 
per heart beat for the first acclimatiz- 
ation phases and 40 for the later ones. 

The rest pulse rate during the rest per- 
iods indicates a behavior pattern that 
corresponds to the work pulse rates with 
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a sharp drop-off during the first week (Fig. 

6a) . *Ehe end level is around 85/inin, thus 
in. the range of the rest pulse rate during 
the first phase of cold training. 

In suntnary it may be said, that the be- 
havior of the blood circulation affords al- 
most no new information on adaptation to 
work in heat that might not be obtained in 
a more exact and generally simpler fashion 
through observation of the tenperature pat- 
terns (Williams, 1967) . 

IV. Change of Electrolyte Concentration in 
Sweat and Urine 

The electrolyte concentrations found in 
the oollectfed urine show relatively minute 
fluctuations (Eig. 7) . Na, after setting \:ip 
a level at 270 mval/1 initially, drops diuring days 11-15 to about 140 mval/1; then 
during we^ 3 it returns to the old level. If Na concentration is (fe^pn^ by" the.j 
formula of locke (cited by Kuno, 1956, p. 228) to the corresponding chloride con- /291 
centrations ( (Cl) = ( (Na) - 3)/1.12) , the result viewed frcan the order of magni- 
tude agrees well with the results of the personal esperiment of Hdfler in Nigeria 
(1966) . There is scarcely a change in K concentration at an overall average of 
96 mval/1. The mean Na/K quotient is 2.85. Talbott (1933) offers an explanation of 
the initial drop in Na or salt elimination during the first 3 weeks; Pin the course 
of the acclimatization process the initially high output of salt in the sweat is fol- 
lowed by a regression of chloride in the urine. This is followed by adaptation of 
the sweat gland and consequent reduction of chloride in the sweat, which, once the 
salt deficit of the first days has leveled off, once more produces increased salt e- 
limination. '' Voigt (1967) however found no change in the urinary electrolytes in 3 
weeks. 



Fig. 7. Temporal course of electro- 
lytes Na and K as also their Na/K 
quotient in collected urine 


2. Electrolyte concentration in bag sweat 

The electrolytes^ooncentrations determined in the bag sweat collected from the 
arm and leg during the first and last hour decMne exponentially over the total expe- 
riment period. Meanwhile the Na concentrations drop during a first phase to aboitt 
day 15 rather sharply (from values around 140 raval/i to values around 70 mval/1) and 
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finally shew almost no change at all. However the Na concentration of the first hour 
seens to rise a little. 

The decline of K concentrations is more gradual and terminates on day 22 at the 
earliest. The concentrations in the sweat from the leg are almost tmiformly greater 
than those from the arm: ^ toward the end of the ©q>eriinent the plateau values are a- 
round 14. .4 irtwal/l (as against about 11.3 ) , the initial values around 45 raval/l (as a- 
gainst about 25) . 

For any given day the Na concentrations for hour 4 are always higher than those 
for hour 1. For K the hour-relationship is rather the reverse but less distinct. 

The inatual relationship oftthe two electrolytes changes during the experiment in 
the direction of an increase in the Na/K quotient. On a given day the quotient for 
hour 4 is g^erally higher than for hour 1. 

3. Discussion of electrolyte changes in bag sweat 

The literature is imanimous in stating, that in cases of protracted sweat secre- 
tion there is a rise in the chloride concentrations contained in the sweat (or the Na 
concentrations to be converted according to Locke (cited by Kuno, 1956, p. 228)) (Dill, 
1966; Kuno, 1956; Ladell, 1945a). This agrees likewise with the development of 
hours 1-4 in this e>q)eriraent and might be based on diminishing aldosterone activity /292 
due to lather extended demands made on the adrenal cortex (Conn, 1949; Furman, 1963; 
Ladell, 1957) . 

According to Fukuda and I^wahat (both cited by Kuno, 1956) the K concentration, 
in contrast to the behavior of Na, diminishes with prolonged sweat secretion. Cosnre- 
spondingly in our eJ 5 )eriroent the concentrations are not higher during the fourth hoxir 
but rather lower than during the first. Kuno (1956) e;q)lains the behavior of K as 
due to flushing of the gland cells vAien sweating begins. Later the K is proba- 

bly replaced in part hy Na. Ifowever there may be the same or additional involvement 
of the mechanism discussed above in respect to Na. 

It is controversial tx> vHaat extent the higher chloride concentration associated 
with increasing sweat rate are also connected, directly'or indirectly, with the gener- 
ally rising skin or rectal temperatures. Epperlein (1964) along with Cramer (1890) , 
Johnson et al. (1944) , Kittsteiner (1911 and 1913) , Kittsteiner et al. (1939) , Eobin- 
son (1949) , Robinson et al. (1949a) and Weiner et al. (1952b) cites authors who favor 
at" least a connection with skin tearperatures. Dill (1966) and Masui (cited by Kuno, 
1956) reject such a connection. Our test results do not permit us to take a univocal 
position: for one thing the incarement in sweat rate aiid decrement is Na concentration 

follow about the same teiporal course; again, the Na concentration increases with 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


continuous sweat secretion in the 

•r 

course of the 4 hours work each day; 
furthermore, on day 16, vdien there 
is an intermittent very low total 
sweat production, the Na conc^tra- 
tions are likewise very low, vdiile 
the skin totperatures have scarcely 
changed. 

If we assume with Ladell (1948) 
and Kuno (1956) , that the Na 
concentration in sweat fromtthesex- 
trenities is fairly representative 
for the Na content of total body 
sweat, a calculation can be made of 
total Na elimination in hours 1 and 
4, In this case no difference is 
observed between hours 1 and 4. 

, Assuming a mean Na concentration 

Fxg. 8a. Tetiiporal course of sweat secretion 

and skin tenperatures of the forearm in re- ^ sweat for hour 4 of 1.6 g/1 
spect to hour 4, ov er all average • at the outset of the ejqperiment and 

Fig. 8b. Tsrporal course of sweat secretion toward the end, an estimate 

and skin tesrperatures of the leg in respect is possible for the drop in total 
to hour 4, not averaged 

salt elimination during the 5 weeks 

of the eperimenti • positing a daily sweat production of 61 the decline was frcM a— 
bout 25 g/day to about 15 g/day. However in the report of Schnoll (1966) daily salt 
intake with nourishment is given. as 13-17 g. Itos there might have been a slight de- 
salt in the early period. Na elimination in the urine also dropped until 
week 3 and only on day 22 did it reach its former level. There were also mild heat 
cramps after the last work bout of day 2. 

V. Relationship between Body Temperature and Sweat Fomw■^■^r>rl /293 

1. Skin temperature and sweat formation 

A srelatively smple rela t ionship may be set up between local skin tenperature 
and local sweat formation. These magnitudes are presented in Figure 8 for the fore- 
arm (overall average of 5 values) and the leg (not averaged) . (For method see p. 2) . 
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In both extrestnities two phases with contrast- 
ing interconnection of skin tsiperature and 
sweat rate itay be clearly distinguished. In 
■idle first 2 we^s skin -benpaEature drops as 
swea-h rate. rises, m the following 3 weeks 
■their course is parallel and the sweat rate /294 
is higher as ■the skin tesiparature is higher. 

The first phase of ■this ratio was also noted 
in ■the 3-week experiment of Schmoll (1966) . 

2. Rectal ■tenperature and sweat, rate 
In ■the course of acclimatiza^tion a ■tend- 
ency was shown both by ■the sweat ra^te (Fig. 1) 
and the rectal ■forperature (Pig. 4) ■toward a 
lessaiing of ■the differences between the four 
work bouts. Now vhat relationships can be e- 
stablished between ■these ■two ■values?. 

Figure 9 presents a relationship between 
■the hourly sweat ra^te and ■the rise in rectal tenperature during ■the same given hour. 

The values were periodically conbined on account of -the unusually high scattering of 
individual values in -the middle phase. During the first days ■this so-called "sweat 
response” (Ladell, 1957) declines sharply from hour 1 ■to ■the following hours; la^ter 
a more even descent sets in, even ■though differences between individual hours contin- 
ue to be considerable. Beginning with day 24, hours 1 and 2 are similar. Only on 
■the last two days are sweat response values for all hours the same — about 750 ml 
per hourly *C. 

The teotporary significant elevation of ■the sweat response during week 3 points /295 
to the special position of this time period in the acclimatization process. In ■the 
third week ■the -total s\^t rate, -the work tenperatures and -the blood circula-tion val- 
ues have at-tained -their end level and at -the same -time the ratio be-tweai skin toiper- 
ature and sweat formation (Figg 8). is reversed. However the acclima-tiza-hion process 
is not yet catplete. It is only atrths aid of week 3 that local dis-Ixibution 'Of ■ 
a-reat. secretic^ iFig?. 3) . Toiporal redistribution in the direction of a reciprocal 
approximtion of sweat rate and sweat response for -the individual hours s-till goes 
on. Only in week 3 at ■the end of -the fourth work bout (Fig. 5b) does -the inner tem- 
perature gradient begin to rise following an initial decline. In week 3 there is a 



response (acc. -to Ladell) for 
work hours 1-4, periodic sunmary 
Key: a. labile phase with much 
scattering 
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Fig. 10. Sweat response for individual 
vrork hours (ordinate) in relation to the 
pertinent rectal tenperature (abscissa) . 
Period from days 1-18 marked by lighter, 
days 20-35 ly darker symbols. Day 34’ 
with its modified test conditions is pre- 
sented separately. Function A from re- 
sults of Ladell (1957) 


tenporary sharp decline in the NaA 
quotient for tnrine and sweat (Pig. 7.) . 

In contra^ to the rklatively siitple 
picture of the first 2 wedcs, the e- 
vents of we^ 3 c^ be put into a total 
picture only with difficulty. Jungmann 
(1962) speaks of an adaptation crisis in 
we^ 3, vMch he also affirms for resid- 
ence at high elevations. 

3. Sweat response and RT 

The highly scattered sweat responses 
values connected with the teitporal course 
are easily put in order, if they are . 
plotted against the appropriate rectal 
taiperature value using the procedure 
of Ladell (cmrve A in Figure 10) . 

The terporal distribution of these 
values is shown in Figtire 11 by a ccmbi- 
nation- of periods 1-18 and 20-35. From 
this representation the following may be 
gathered: 

a) On the average the values for 
the second half of the experiment are in 
lower areas than initially. 

b) The intervals between the indivi- 
dual hours have shrunk both in respect 

to rectal tenperature and in respect bo 
sweat response. 


Key: a. day 

b. hour 

c. function acc. to Ladell 's 
e5^)eriinent 


c) An extrapolation beyond week 5 of the experiment of the path taken ly the cri- 
tical points for each hour leads to points of intersection in a very restricted field 
at 36.8’’C and 500 ml/hiAKr. 

d) The load increase of day 34 produces acclimatization regression and of course 
further levelling of the differences between the wrk periods. All the individual cri- 
tical points cluster around the value designated as D in Figure 11. 
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The field of intersection of the lines of 
p^jection would, in case the accliratization 
process actually dev^c^>ed in this direction, 
represent its definite termination, since with 
a relatively snail sweat output the rise in /296 
temperature during the work program is only mi- 
nimal. This direction is alrea^ indicated by 
the decrease in sweat formation found by Mac- 
pherson (1960) , and Schmoll (1966) and the only 
smaller increase of work rectal tanperatures 
for work periods 1-4 found in this experiment. 

The question is still open as to wi^ther the /297 


Fig. 11. Sweat re^xjnse averages 
for first and secoiid half of ex- 
periment in relation to appropri- 
ate RP (calculated fran data of 
Fig. 10). As in that figure, day 
34 presented separately. Connect- 
ing lines for corresponding cri- 
tical points of hours in periods 
1 and 2 are projected to fieldcof 
intersection vhere they delimit a 
conceivable area of maximal accli- 
matization 

Key: a. work period 

b. day 

c. (average of all four 
work periods) 


values of 500 ml/hr AST at 36.8°C obtained 
here are likewise valid for other experimental 
setips or if they can also be realized under na- 
tural conditions provided their is no interfer- 
ence from malnutrition or deficient training 
(Lehmann, 1965) . 

4. Degree of loading and RP 

Furthermore it may be shown fron Figure 12 
that even under varying, load there is a quanti- 
tatively similar development, which runs an on- 
ly temporarily slower or faster course for each 


case of climatic loading or loading due to work performance. In carder to clarify this 


dependence of acclimatization rate, the ©periments of HSfler (1966) , Schmoll (1966) 


and Strylcm et al. (1966) in re^ject to the tenporal decline of work RP were coipared 
with .the results obta in ed in this experiment. The variable degree of loading was cal- 
culated, using the "predicted 4-hour, sweat rate" (Mcftrdle, 1947) , from the climatic 


data and the values indicated for the pertinent work performance. 


Hfifler Schmoll Laasser Strydom 

P^SR 0.10 • 0.80 1.40 1.80 (liter) 

The definitive decline in rectal toiperature in. all experiments is about 1®C and 
is reached at ever shorter intervals as loading increases. /298 

A corresponding dependence of successful acclimatization on the amount of load- 
ing was already found by Eichna (1945) ; in the case of a 5-day period of residence 
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HOFIER SCHMOLL LAASER SIRYDOM 



Fig. 12. Drop in RP with acclimatization 
to hot work as a torporal function of 
degree of loading in various authors. 
Above: tsnnperature fall on days 6, 9, 18 
and 27 (as well as 72) coipared with day 
3 and day 1. Below: temperature drop of 
0.6 and 1.0®C always occurs earlier with 
higher degree of loading. Predicted 
four-hour sweat rate (P^SR acc. to Mcflr- 
dle et al . , 1947) used as index of degree 
of loading 

Key: a. area of maximal drop in tem- 
perature 
b. days 


in a climatic room no changes or else 
very minute ones were found in rectal 
tenpecatures and heart rate as opposed 
to a clear decrease when work loading 
was continuous. Under natural condi- 
tions Jungraann (1962) ascertained in- 
ccirpete acclimatization even after 2.5 
months; the climatic loading and work 
loading were relatively small and dis- 
continuous. The attempt to establish 
a similar relationship with the amount 
of loading for the development of pulse 
rates produced no usable results that /299 
would agree witdi the findings of E. A. 
MUller et al. (1961) , that tl^re is a 
great variation in the interdependency 
of heart rate and amomt of work in in- 
dividuals and the results of Kranning 
et al. (1966) , that probably the rectal 
torperature, but not the pulse rate and 
cardiac volume, may be predicted frcm 
sweat production during heat or work 
loading. 


Summary 

In the course of a five week residence in a climatic room total sweat secretion 
during work practically doubled. The initial differences betweoi the individual hours 
became increasingly equalized (temporal redistribution) . Furthermore there resulted 
a secretion redistribution in the direction of a displacement frcm trunk to extremi- 
ties (local redistribution) vMch terminated about the end of the third week. This 
di^lacanent was earlier and relatively easier to notice for the arm than for the 
leg. 

As differences betweoi individual hours decreased work teitperatures dropped ra- 
ther rapidly and uniformly to a fairly constant end level by day 11. 

The behavior of the blood circulation Hatches that of the tenperatures. Pulse 
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rate during work, like rectal tenperature during work, drops during the first 10 
days to a constant end level, which is only slightly higher than the values obtained 
during cold training, “ihe behavior of the pulse rate during rest is phasically like 
that of the corresponding tenperatures. 

Outside of the first days, urine output was adecyaate and even. Na in the urine 
decreases until wedc 3 of the ejperiment, probably due to a salt deficity.c^t then 
returns to initial values. 

Over the ejperimental period the Na and K concentrations in the sweat decline. 
However fircm hour 1 to hour 4 the Na concentration increases, \dio:eas the K concen- 
tration declines. Total salt el im ination decreases in the cxiurse of the acclimatiza- 
tion process. 

Incidentally the conclusive results of SchtnoU’s wcrk (1966)aareccpfifiin^, i.e. 
the increase of sweat production, its loc:al redistribution, the partially phasic de- 
crease in body tatperatures and pulse rates as well as the more rapid inproveraent in 
heat loss during work periods as opposed to rest periods. 

According to our test results the conclusive phencxtena of redistribution occur 
within the first 3 weeks. Only a few functions undergo change later as well: 

a) The integral skin tatperature (Pig. 5a) and associated with it the inner /300 
taiperature gradient at the aid of hour 4 in the direction of -a raiewed rise (Fig. 

5b) of the inner taiperature gradient. 

b) Sweat secretion in the fourth hour in the form of increasai “approximation to 
hours 1 to 3. 

These relatively ihconsequential changes in an otherwise uniform reaction pattern 
ihMcate, just as does the behavior of the sweat response (Fig. 11) , that after 3 or 
even after 5 weeks the acclimatization process is not oveasloreat least not ccnpletely 
so. 

The tenpo of the acclimatization process appears to be a function of the degree 
of total loading. 
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